Abstract. Stem cuttings were harvested in April from four clones of containerized bunchber ry (Cornus canadensis L.) forced in the greenhouse and in June from the same four clones growing in the fi eld. April cuttings that had pro duced rhizomes by transplant time pro duced the greatest mean number and weight of shoots during the fi rst growing season compared to April cuttings without rhi zomes, June cuttings with rhi zomes, or June cuttings without rhizomes. In a second study, cuttings and single-stem divisions were tak en in July; divisions produced a greater mean number of shoots than did stem cut tings when compared at the end of Oct. A third study evaluated the effect of K-IBA ap pli ca tion to lateral buds on subsequent rhizome pro duc tion, and the effect of cut ting node number (two vs. three nodes) on root or rhizome development. Treating lateral buds with K-IBA was not inhibitory to rhizome formation and elon ga tion. Compared to two-node cut tings, three-node cuttings pro duced greater mean rootball size, rhizome number, and rhi zome length; nearly twice as many of the three-node cut tings formed rhizomes as did two-node cut tings. A fourth study showed that cuttings rooted for 5 or 6 weeks in a mist enclosure generally ex hib it ed greater shoot and rhizome production by the end of the fi rst growing season than cuttings rooted for 8 or 9 weeks. This was despite the fi nding that cuttings root ed for longer durations (8 or 9 weeks) possessed larger rootballs and greater rhizome num bers at transplant time compared to cut tings rooted for shorter durations (5 to 6 weeks). Chemical name used: indole-3-butyric acid (K-IBA).
K-IBA in water) and found that after 10 weeks in a humidity tunnel, rooting percentage was un af fect ed by K-IBA application. However, rootball size was greatest when cuttings were treated with 3000 or 7000 mg·L -1 K-IBA. Cut tings treated with 7000 or 9000 mg·L -1 K-IBA produced fewer rhizomes than cuttings treated with 0 or 1000 mg·L -1 K-IBA. Cuttings treated with K-IBA concentrations ranging from 0 to 5000 mg·L -1 were statistically similar in the number and length of rhizomes produced during root ing. Based on these results, a con cen tra tion of 3000 mg·L -1 K-IBA was rec om mend ed to optimize both root and rhizome development on bunchberry cuttings (Haynes et al., 1998) .
The purpose of this work was to devise a system for successful propagation of bunch ber ry from stem cuttings in a nursery setting. Four factors were studied: 1) date of prop a ga tion; 2) stem cuttings vs. divisions (the tra di tion al method of propagation); 3) node numbers and the effect of potassium salt of K-IBA; and 4) du ra tion of the rooting phase.
Materials and Methods
Propagation date. Cutting material was obtained from four bunchberry clones grow ing in lowbush blueberry fi elds: two in Ellsworth, Maine (clones A and B) and two in Jonesboro, Maine (clones C and D). All clones were growing in full sun in a Colton gravely loamy sand soil with a thin (≈1.5 cm) organic layer. Clones were chosen in Oct. 1996 on the basis of shoot uniformity and clear separation from nearby clones; portions of each clone were harvested as sod pieces, placed in eight fl ats (10 × 50.8 × 38.1 cm), and kept outside until 10 Nov. The sod pieces were then over win tered in cold storage (92 d in the dark at 2.8 °C) and subsequently moved into a heated green house (18 °C, ambient photoperiod of ≈9 h) on 10 Feb. 1997. The sod pieces were ir ri gat ed as needed and 300 ppm N soluble fertilizer , Scotts-Sierra Hor ti cul tur al Products Co., Marysville, Ohio) was applied weekly after new shoots emerged in Mar. 1997. Cuttings were taken from this green house-forced ma te ri al on 10 Apr. 1997 and from the same four clones in the fi eld on 10 June 1997. Care was taken to avoid treating the fi rst set of lateral buds (those of the fi rst sub-terminal node) with K-IBA, by sub merging the stem in K-IBA solution to a level below the fi rst sub-terminal node. Cuttings on both dates were dipped in 3000 mg·L -1 K-IBA to the second node for 7 s , allowed to air dry, and stuck into 1 peat : 3 perlite (by volume) in 40 × 40 × 12.7 cm polyethylene rooting fl ats (Ander son Die and Mfg. Co., Portland, Ore.). Cut tings were stuck to a depth such that the fi rst node below the ter mi nal whorl was ≈1 cm below the surface of the medium, since rhi zomes aris ing from rooted cuttings gen er al ly originate from the axillary buds of the sub-terminal nodes. Flats were placed in a shaded poly eth yl ene enclosure (irradiance level 120-250 µmol·m -2 ·s -1 ) and Professor. To whom reprint re quests should be addressed. E-mail address: smagula@maine.edu Bunchberry (Cornus canadensis L.) is a native perennial groundcover that grows in the northern latitudes of North America and Asia. It is commonly found growing in the forest understory, in open fi elds, and on hummocks in bogs of New England (Dirr, 1990) . Bunch ber ry is a secondary successional plant (Alaback, 1984) and commonly colonizes the open fi elds where commercial lowbush blue ber ries are grown; as such it has become a serious weed in some areas of Maine and Canada (Hall and Sibley, 1976) .
Bunchberry has many char ac ter is tics that make it suitable for use as an or na men tal groundcover. Bunchberry spreads laterally by rhizomes which can extend up to 30 cm per year (Hall and Sibley, 1976) forming a dense mat of foliage. These rhizomes are perennial and allow the plant to overwinter and produce new growth the following spring. Stems range from 5 to 20 cm in length and bear a terminal whorl of four or six leaves with one or more sub-terminal nodes bearing reduced leaves and axillary buds. The stems bear in fl o res cenc es sub tend ed by showy white bracts in spring and early summer, clusters of bright red fruit in late summer, and the fo li age turns burgundy in autumn.
Despite the potential for more ex ten sive use of this plant in northern land scapes, little research has been conducted con cern ing meth ods for its propagation or pro duc tion. Bunch ber ry has traditionally been prop a gat ed by seed, division, or transplanting sod pieces tak en from the fi eld (Dirr, 1990) . Seeds re quire warm stratifi cation followed by cold strat i fi ca tion or scarifi cation followed by cold strat i fi ca tion to germinate in reasonable per cent ag es (Dirr and Heuser, 1987) . Witt (1987) Sept. when the plants were rated for number of shoots, foliar dis col or a tion, and foliar ne cro sis. Foliar damage (ne cro sis and dis col or a tion) was rated on a scale of 1 to 5, with those rated 1 exhibiting little to no damage (0% to 20% of the foliage), those rated 2, 3, or 4 exhibiting moderate damage (21% to 40%, 41% to 60%, and 61% to 80%, respectively), and those rated 5 exhibiting severe damage (81% to 100% of the foliage). In October, the fl ats were moved outside to ac cli mate under natural daylength and tem per a ture. The bunchberry plants exhibited fall col or and the aboveground portions of the plants desiccated with the leaves still attached. In November, fl ats were placed in an unheated green house and stored until shoots could be col lect ed for determination of total number of shoots and shoot dry weight. In February, shoots were counted and removed from each pot by clipping them off at the surface of the growth medium. Shoots were placed into pa per bags, stored in a drying room (42 °C) for a minimum period of 3 weeks, then weighed. Data were subjected to analysis of variance (ANOVA) using the general linear model of SAS (release 6.07, SAS Institute, Cary, N.C., 1992) and treatment means were sep a rat ed using the Fisherʼs least sig nifi cant dif fer ence test (LSD) (P ≤ 0.05). Shoot number data were sub ject ed to square root trans for ma tion before being subjected to analysis.
Cutting vs. division propagation. Cuttings and single-stem divisions were taken from the four clones (A to D) collected in the fi eld and overwintered in fl ats as described in the pre vi ous study. After Apr. cuttings were taken for the previous study, the containerized sod piec es were irrigated regularly and a sec ond fl ush of growth was produced by the rhizomes. Cut tings and single-stem divisions were har vest ed from these plants on 13 July 1997. Cuttings were placed under intermittent mist for 8 weeks, removed on 4 Sept., and kept under shade for 1 week as described in the previous study. From each block, 24 rooted cuttings bearing one or more rhizomes were transplanted into 1 peat : 1 perlite (by volume) contained in band pots as described above. Divisions were prepared as follows: sections of each sod piece were removed, roots and rhizomes were washed until most of the soil was removed, and aerial stems bearing both roots and healthy rhizomes were severed from the sod piece. Each single-stem division bore one or two rhizome fragments and a viable root system. Twenty-four di vi sions from each block were immediately trans plant ed into 1 peat : 1 perlite (by volume) contained in black band pots as described above. They were kept under intermittent mist for 3 weeks, al low ing the roots to become established, then moved to a greenhouse bench. Plants were fertilized as above and on 29 Sept. they were moved out side. This study was blocked by clone and used a randomized complete-block design with four replicated blocks. Shoot num ber and dry weight were de ter mined in Feb. 1998 as described previously. Data were sub ject ed to ANOVA using the gen er al lin ear model of SAS and treat ment means were sep a rat ed using the Fish erʼs LSD test (P ≤ 0.05). Shoot number data were sub ject ed to square root trans for ma tion before analysis.
Node number and lateral bud IBA appli ca tion. To test the effect of sub-terminal node number and K-IBA treatment on root and rhizome formation, cuttings with two nodes (including the terminal node) and three nodes were taken from three different clones chosen from the previously described lowbush blueber ry fi eld in Ellsworth, Maine (designated clones E, F, and G). On 1 July 1997, 60 twonode and 60 three-node cuttings were taken from each clone.
Those in the fi rst treatment group were dipped into 3000 mg . L -1 K-IBA to a level such that the lateral buds of the fi rst sub-terminal node were submerged in the solution. The cuttings were treated for 7 s, allowed to air-dry, and then stuck into 1 peat : 3 perlite (by volume) contained in rooting fl ats like those described above. Cuttings in the second treatment group were dipped into 3000 mg·L -1 K-IBA to a level below the fi rst sub-terminal node, so the lateral buds were not exposed to the auxin. These cuttings were allowed to root in the mist enclosure described above until 3 Sept. 1997 when they were removed and placed under 60% shade cloth. On 10 Sept., the rooted cuttings were removed and as sessed for root and rhizome formation. Data were sub ject ed to a Chisquare test and it was found that node number and K-IBA treat ment in de pen dent ly affected the number of rhizomes pro duced (P = 0.604). Data were then subjected to ANOVA and treatment means were separated by Fish erʼs LSD test (P ≤ 0.05).
Clone × rooting duration. This study was designed to account for clonal vari a tion by using a completely random design with a com plete factorial treatment arrangement: four cuttings sources (genetically distinct clones) and fi ve rooting duration periods (5, 6, 7, 8, or 9 weeks in the mist enclosure). Three of the four original clones used in the 1997 studies (A to C) were lost following mowing of the fi eld, so three new clones (H, I, and J) growing in Jonesboro, Maine were chosen for this study. On 25 June 1998, two hundred and twenty-fi ve cuttings were taken from each of the four clones. Cuttings from each clone were randomly assigned to fi ve treatment groups, with 45 cuttings per treatment. All cuttings were treated with 3000 mg·L -1 K-IBA for 7 s and allowed to air dry before sticking. Each treatment group was then divided into three sets of 15 cuttings each. Three in di vid u al fl ats were used for each rooting du ra tion treatment, with each fl at containing a row of cuttings from each clone, giving three rep li ca tions of 15 cuttings for each treatment. These fl ats were randomly distributed within the mist enclosure and rearranged twice week ly through out the study to minimize the effect of proximity to the mist emitter. Three fl ats were removed from the mist enclosure each week, beginning fi ve weeks after sticking. Flats were then placed under 60% shade cloth and wa tered frequently for one week. Cuttings were removed from the rooting fl ats and as sessed for percent rooting, rootball di men sions (mea sured as rootball length × width), and number and length of rhizomes. These data were sub ject ed to ANOVA and trend analysis (P ≤ 0.05) to determine overall re sponse to the treat ments. Following this evaluation (before-trans plant ing assessment), thirteen randomly se lect ed rooted cuttings per clone were trans plant ed into 1 peat : 1 perlite (by volume) contained in black band pots as described above. These steps were repeated at each re mov al time. The plants were grown in the greenhouse (28 to 35 °C d / 15 to 18 °C night, ambient photoperiod) and watered as needed until 27 Oct. Plants were then de structive ly sampled and assessed for rootball size, total number of shoots, rhizome number, total rhi zome length, and total shoot and rhizome dry weight (Oct. assessment). These data were subjected to ANOVA and treatment means were separated by Duncanʼs multiple range test (P ≤ 0.05). Pearson correlation co ef fi cients were determined between de pen dent vari ables.
Results and Discussion
Propagation date. Date of prop a ga tion and rhizome presence (cutting class 1 to 4) af fect ed number of shoots and shoot weight produced by bunchberry cuttings. Cuttings taken in Apr. and June produced an average of 5.62 and 2.00 shoots (P ≤ 0.001, respectively. For both propagation dates, cuttings in classes 1 and 2 (those having rhizomes at transplant time) produced more than twice as many shoots by the end of the fi rst season as did those in class 3 and three times as many as those in class 4 (Table 1) . Similar trends were found for total shoot dry weight and mean shoot dry weight.
Cutting vs. division propagation. Plants started from divisions produced nearly twice as many shoots and a greater total shoot dry weight compared to plants started from cuttings (Table 2) . Plants started from cuttings had a greater average shoot weight ( Table  2) . Number of shoots was relatively low for both propagation methods, possibly due to the short growing season available to the plants fol low ing propagation.
Node number and lateral bud IBA ap plica tion. Percent rooting was unaffected by node number or K-IBA application and ranged from 88% to 95%. K-IBA application (fi rst set of lateral buds treated vs. buds un treat ed) had no effect on rootball size (28.71 vs. 26.46 cm 2 ), number of rhizomes (0.36 vs. 0.31), or rhi zome length (0.93 vs. 0.91 cm). Of the 62 three-node cuttings that produced rhi zomes, 18 cuttings produced rhizomes at the fi rst sub-terminal node, 36 produced rhizomes at the second sub-terminal node, and eight produced rhizomes at both nodes. Since buds of the second sub-terminal node were exposed to auxin regardless of treatment (only the buds of the fi rst sub-terminal node were excluded from the K-IBA solution for the untreated group), it is clear that exogenous auxin application does not inhibit rhizome formation.
The number of sub-terminal nodes on the cutting affected rootball size, number of rhi zomes, number of cuttings producing rhizomes, and length of rhizomes (Table 3) . Of the 180 three-node cuttings stuck, 62 formed rhi zomes by transplant time; only 34 of the 180 two-node cuttings produced rhizomes by trans plant time. Cuttings with three nodes also produced slightly larger root systems and but more than twice the number of rhizomes compared with those cuttings having two nodes. Of cuttings that produced rhizomes, the mean rhizome length produced by three-node cuttings was more than twice that produced by two-node cuttings.
Three-node cuttings generally had longer stems than two-node cuttings; this could account for the slightly larger rootball size of the former, since cuttings with longer stems have greater stem surface area for production of adventitious roots. Rhizome number was like ly greater in three-node than in two-node cut tings because the former had a greater num ber of lateral buds, and therefore a greater po ten tial for producing rhizomes. Three-node cut tings were twice as likely to form rhizomes by the time of transplant than were two-node cuttings (Table 3) .
Clone × rooting duration. Since there were marked differences among clones, the results for each clone are presented in di vid u al ly; an overall response derived by averaging treatment effects across the clones is also included to show the overall trend observed (Table 4) .
Clone H showed a marked linear response to rooting duration with rootball size, rhizome number, and rhizome length in creas ing with increasing time up to 9 weeks in the mist enclosure (Table 4) . Clone D showed a qua drat ic response for rootball size and rhi zome number, with both reaching a maximum after 7 weeks in the mist enclosure. Rhizome length showed a positive linear response to in creas ing rooting duration for the entire 9 weeks (Table 4) . Rootball size for clone I increased linearly with increasing rooting du ra tion, with cuttings reaching highest rootball size after 9 weeks in the mist enclosure. Av er age rhizome length increased slightly with rooting duration but rhizome number was un af fect ed (Table 4) . Cuttings from clone J also showed a linear response to rooting duration for rootball size and rhizome length but rhi zome number was unaffected (Table 4) .
Cuttings from clone H produced a sig nificant ly larger rootball size and greater rhizome number and length than cuttings from the other three clones (Table 4) . Conversely, cut tings from clone I performed the poorest, producing the smallest rootball size and low rhizome number and length (Table 4) . Clones J and D were intermediate in their responses; clone J produced a larger root mass but very few rhizomes while clone D produced a small er root mass and a greater number of rhizomes (Table 4) . When assessed on 27 Oct. 1998, the mean number of shoots decreased with in creas ing rooting duration for clones D and J (Table  5) . Cuttings from clone I showed a slight (P ≤ 0.03) positive linear increase in number of shoots with longer duration and clone H cuttings were unaffected. Rhizome production was not affected by rooting du ra tion, except for clone D, which exhibited a decrease in mean rhizome number from ≈5 after 5 or 6 weeks to ≈1.5 after 8 or 9 weeks. The mean number of rhizomes av er aged across all root ing durations for clones H, I, and J were 3.4, 0.28, and 0.97, respectively.
Rhizome length and total shoot dry weight were unaffected by rooting duration (data not shown), but were signifi cantly affected by clone (Table 6) . Cuttings from clone H pro duced nearly twice the rhizome length as those from clone D, three times the rhizome length as those from clone J, and 14 times the rhizome length as those from clone I. Total shoot weight followed a similar trend; clone H pro duced the highest total shoot massg while clone I pro duced the lowest total shoot mass.
Rootball size and rhizome weight per cutting were affected independently by clone and by rooting duration. Rootball sizes were greatest for plants from clones H and D (Table 6) . Clone H cuttings produced the greatest rhi zome weight per cutting. Similar to the as sess ment before transplant, cuttings from clone I performed poorly, producing the lowest mean rootball size while clone J produced the lowest rhizome weight per cutting (Table 6) .
Cutting rootball sizes were higher for cuttings in the 7-week rooting duration treatment than those from any other treatment (Table  7) . Cuttings in the 9-week rooting duration treat ment produced the greatest rhizome dry weight per cutting, though this weight was not sig nifi cant ly different than that for the 5-or 8-week treatments (Table 7) . Average weight of each rhizome (total rhizome weight/rhizome num ber) was affected only by rooting duration and generally increased with increasing rooting duration (Table 7) .
Correlation analysis was done on the de pen dent variables. Number of shoots was pos i tive ly correlated with rhizome num ber (r = 0.774) and also correlated with rhi zome length (r = 0.490); this is important since rhizome production in the other studies was estimated by taking shoot counts. There was also a strong positive correlation between rootball size and shoot weight (r = 0.762), though only weak correlations existed be tween rootball size and number of shoots (r = 0.283), rhizome number (r = 0.365), and rhi zome length (r = 0.355). This indicates that while formation of large root systems may have a positive effect on shoot weight, it might not be predictive of increased rhizome growth and spread follow ing rooting.
The results of this study show that there was a great deal of variation among clones in root and rhizome formation. Clone I consis tent ly performed poorly for all response 
Cuttings rooted 5, 6, 7, 8, and 9 weeks were grown on greenhouse bench for 13, 12, 11, 10, and 9 weeks, respectively. Signifi cant clone × rooting duration interaction for these response variables, P ≤ 0.05. y Mean of 13 cuttings.
x All values are means of four clones; 13 cuttings per clone. NS, **, *** Nonsignifi cant or signifi cant at P ≤ 0.05 or 0.001, respectively; L = linear, C = cubic. vari ables measured at both assessment times (be fore transplanting and at the end of Oct.), producing fewer roots and rhizomes than cuttings from other clones tested. Conversely, clone H consistently performed well for all variables measured. This suggests that clones being considered for commercial production should be assessed not only for ornamental attributes, but also for success of propagation since there is obviously clonal variability for this trait. It was also apparent, from the var i ous and often confl icting responses of clones to rooting duration, that clones differed in the length of time needed for successful rooting and rhizome formation. Based on the Oct. assessment, longer rooting durations (7 weeks or longer) produced greater root systems over all, while shorter rooting durations (5 to 6 weeks) resulted in more numerous shoots and rhizomes by the end of the season. Formation of rhizomes during rooting in the mist en clo sure was not necessary for successful rhizome and shoot formation, since none of the cuttings from the 5-and 6-week rooting durations pos sessed rhizomes at time of transplant. How ev er, these overall results (averaged across clones) were mostly due to the strong response of clone H to the treatments; this again stresses the importance of considering clonal vari abil i ty when making general recommendations for propagation of bunchberry.
The fi nding that cuttings rooted 5-6 weeks and possessing no rhizomes at transplant produced the most rhizomes and shoots by the end of the season seems to confl ict with the results of the propagation time study; this study in di cat ed that cuttings lacking rhizomes at trans plant time generally produced fewer shoots by the end of the season than those with rhizomes. This discrepancy may be explained by rooting duration. In the propagation time study, cut tings were allowed to root 10 weeks because it was believed that formation of rhizomes prior to transplant would be advantageous to long-term growth. After ten weeks, most cuttings capable of producing rhizomes had done so by the time to normal greenhouse conditions. Rhizome formation is essential to overwin ter survival of bunchberry rooted cuttings, and maximization of rhizome number and dry weight should be the goal of successful prop aga tion. Rhizomes are the overwintering por tion of the bunchberry plant, so if rooted cuttings fail to produce adequate rhizome sys tems during the fi rst growing season, the plant will not reinitiate growth the following spring. The results of the rooting duration study seem to indicate that cuttings rooted for shorter durations, with the concomitant longer period of growth time on the greenhouse bench, gen er al ly produce the most rhizomes by the end of the season. Thus shorter rooting durations are recommended for successful propagation of bunchberry.
In summary, stem cutting prop a ga tion has potential for more widespread use in the commer cial propagation of bunchberry. The re sults of our studies suggest that shoot growth and rhizome spread of bunchberry can be maximized during the fi rst season if three-node cuttings are taken from greenhouse-forced material in early spring, treated with 3000 mg·L -1 K-IBA in water as a 7-s dip, and rooted in a polyethylene enclosure for 5 to 6 weeks. of transplant, explaining why the cuttings in classes 3 and 4 produced few if any new shoots. In the rooting duration study, cuttings kept under mist for 5-6 weeks had ample time to form root systems, but had not yet initiated rhizome growth when they were removed and transplanted. The results of this study indicate that cuttings removed from the mist enclosure earlier, and consequently al lowed more time for growth in the greenhouse, produced a greater number of rhizomes and shoots. This may indicate that while the con di tions in the mist enclosure are ideal for root ing, rhizome and shoot production are favored by exposure
